Introduction
Cataract is a very common eye condition in which clouding of the lens inside the eye can lead to blurred or reduced vision and, if left untreated, can lead to blindness in the affected eye(s). Cataract is responsible for 50% of world blindness and affects 20 million people [1] . Cataracts occur primarily in older people and are treated with elective cataract removal surgery, which is the most commonly performed surgical procedure in developed countries. Bilateral cataracts occur commonly [2] , and patients with bilateral cataract may only have surgery on one eye. Surgery on the second eye may have additional benefits for patients in terms of improving vision and being able to perform everyday activities, for example being able to drive. However, there has been some uncertainty about whether second-eye surgery is financially worthwhile, as typically there is a larger gain in visual acuity in cataract surgery in the first operated eye than for the second.
Previous studies have assessed the cost-effectiveness of second-eye cataract surgery with results varying between the studies. Of the three identified studies, the US study by Busbee et al. [3] reported a cost-effectiveness estimate of US $2,495 per quality-adjusted life year (QALY) gained [3] , while the UK study by Sach et al. [4] reported £44,263 per QALY gained over a 1-year time horizon. However, in the latter study, the estimate reduced to £17,299 per QALY when a lifetime horizon was used. A Finnish study by Räsänen et al. [5] found that second-eye cataract surgery was not associated with an improvement in HRQoL, reported at 6 months after second-eye surgery. To assess the most robust estimate of cost-effectiveness, we conducted a comprehensive review of the evidence. In this article, we describe a cost-effectiveness model developed for the UK Health Technology Assessment Programme to estimate the health and cost consequences of second-eye cataract surgery.
Methods
We developed a decision-analytical model, constructed in Microsoft Excel, to estimate the cost-effectiveness of second-eye cataract surgery in patients with bilateral cataract, compared with patients with bilateral cataract who receive only first-eye cataract surgery. The modelling was conducted following accepted standards for economic evaluation [6] [7] [8] , and systematic searches were conducted to identify the data inputs for the model. The model evaluates costs (in UK pounds using a 2012 price base) from the perspective of the NHS and Personal Social Services. Outcomes in the model are expressed as QALYs by incorporating quality-of-life estimates using patient health state utility values. Cost-effectiveness is expressed in terms of incremental cost-effectiveness ratios (ICERs). Both costs and outcomes were discounted to give a time preference to costs and health outcomes that happen in the near rather than distant future, using a 3.5% annual discount rate in line with current guidance in the UK [6, 9] .
Uncertainty with regard to model input parameters was investigated through deterministic and probabilistic sensitivity analyses (PSAs) and scenario analyses. One-way sensitivity analyses were performed by varying each parameter between its higher and lower estimates shown in Table 1 . The estimates used for the sensitivity analysis were based upon the 95% confidence interval ranges for these parameters. Multi-parameter uncertainty was addressed using a PSA [10] , in which probability distributions were assigned to all parameters used in the base case analysis. The model was run for 1,000 iterations, with a different set of parameter values for each iteration, by sampling parameter values at random from their probability distributions. The distributions used for sampling each parameter are reported elsewhere [11] .
Model structure
The model structure is shown in Figure 1 and is similar to that developed by Busbee et al. [3] . A hypothetical cohort of patients receives second-eye cataract surgery compared with a cohort who receives no second-eye surgery (not shown). The patient cohort starting age is 75 years.
In the model, patients receiving surgery may experience short-term postoperative complications (endophthalmitis, cystoid macular oedema (CMO) and retained lens fragments). They may also experience longer term post-surgical complications and consequences ( posterior capsule opacification (PCO) or retinal detachment). These post-surgical complications and consequences are associated with additional out-patient visits and additional remedial procedures. Patients remain in the short-or long-term complications health states (including PCO or retinal detachment) for one cycle and then are assumed to be successfully treated. Patients may die in any model cycle (based on general population mortality rates). The model has a lifetime (25 years) horizon, with a cycle length of 1 year.
HRQoL was included within the model by assigning a health state utility value, ranging from 0 (death) to 1 ( perfect health) for patients in each cycle of the model, using values found in our systematic review. HRQoL provides a quantitative measure that allows comparison of health across different diseases [7] . HRQoL values for the second-eye cataract surgery are assumed to remain constant over patient lifetimes, unless patients have complications from the surgery. HRQoL values for the no second-eye surgery group are assumed to decline over time due to un-operated cataract progression and age-related visual acuity decline. Post-surgical complications are assumed to incur a disutility for 1 year. Mean life expectancy for all patients in the model was calculated to be 9.7 years, based on UK mortality tables [20] .
With the exception of costs for long-term post-surgical complications, the costs for out-patient visits and further procedures were assumed to be the same after the first year for the second-eye cataract surgery and no-surgery groups. A summary of all the parameter values included in the economic model is given in Table 1 .
Cataract complications
We based our estimates for cataract complications upon observational studies in the medical literature. We assumed that the incidence of post-surgical complications would not differ between first-or second-eye cataract surgery, and hence, the rates used were not specific to studies of second-eye surgical patients. It was assumed that short-term post-surgical complications occurred within the first year of surgery. Endophthalmitis was assumed to occur at a rate of 0.1% [17] , CMO at a rate of 1.62% [18] and lost lens fragments at a rate of 0.45% Long-term complications: PCO, retinal detachment.
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Utility value data
HRQoL utility estimates were taken from a Japanese economic evaluation by Hiratsuka et al. [19] . This study was chosen from a systematic review of HRQoL studies [11] , because it estimated health utility using a generic preferencebased HRQoL instrument (HUI-3) that included a visual utility sub-scale. The gain in utility was assumed to last the patient's lifetime, similarly to other economic evaluations [3] , and is in accord with clinical consensus of a permanent improvement in clinical vision from cataract surgery.
In the base case, we have assumed that visual acuity declines with un-operated cataract progression and age for the no-second-eye surgery group. The decline was estimated using data from the Japanese ECCERT study [15] , to be a mean annual utility decline of 0.002.
Medical costs
The healthcare costs associated with the cataract surgery and the cataract complications were derived from multiple sources ( Table 1) . Costs for cataract surgery ( phacoemulsification) were taken from 2011-12 UK NHS reference costs [12] . Resources associated with cataract surgery for outpatient visits and general practitioner visits were based upon a UK economic evaluation of second-eye cataract surgery by Sach et al. [4] . In the base case, we have assumed that there is no difference in social care costs for patients who have second-eye surgery and those who do not.
The costs of procedures for treating post-surgical complications and consequences were estimated using 2011-12 UK NHS reference costs [12] . For all the treatment of postsurgical complications, we assumed an additional two ophthalmic out-patient appointments would be required. Longer term complication costs for PCO are incurred within the first 3 years, and retinal detachment may occur in any year.
We assumed that 80% of patients with endophthalmitis would receive a vitreous tap (biopsy) [12] and a further 18% of patients with severe cases would require vitrectomy [21] . Lost lens fragments in the postoperative period may require a day-case vitrectomy to remove the fragments, and we assumed this in 70% of cases. Where a small number of fragments are retained, these may dissolve spontaneously. Patients may receive topical anti-inflammatory drops and be monitored for intraocular pressure, CMO and retinal detachment. No surgical treatment was assumed to be necessary for CMO; however, patients would receive a fluorescein angiogram and optical coherence tomography (OCT). In addition, some cases may be treated with intra-vitreal injections of steroid, but this cost was assumed to be included within the non-surgical procedure costs, as the number of cases treated this way is small. Costs were taken from a previous Health Technology Assessment of treatment for macular degeneration [14] , inflated to current prices using inflation indices [13] . PCO is most commonly treated using Nd:YAG laser capsulotomy [22] . Retinal detachment was assumed to be treated via day-case vitrectomy (Table 1) .
Results
The cost-effectiveness results for second-eye cataract surgery compared with no second-eye cataract surgery are shown in Table 2 for a hypothetical individual of age 75 years and preoperative visual acuity in the surgical (second) eye of 6/12. In the base case analysis, patients receiving second-eye cataract surgery would have an additional cost of £1,341, an additional 0.68 QALY and an ICER of £1,964 per QALY gained compared with no second-eye cataract surgery. The results indicate that second-eye cataract surgery is likely to be costeffective at conventional willingness-to-pay thresholds [6] .
One-way sensitivity analyses were performed for all model parameters. The model results were most sensitive to the utility gain, where the ICER varies between £1,185 and £6,342 per QALY gained. This reflects the uncertainty around the utility gain estimate from the Hiratsuka et al. study [19] , which had a 95% confidence interval between 0.017 and 0.14. The model results were also sensitive to the cost of the cataract operation, where the ICER varies between £1,585 and £2,343. Other parameters had only a small effect on the model results, and the results for these are reported elsewhere [11] . For the PSA, the scatterplot of the results for the 1,000 iterations is shown in the Supplementary data, Appendix, available in Age and Ageing online. The PSA results indicate that for all analyses, second-eye surgery has a cost-effectiveness estimate <£20,000 per QALY.
Discussion
Based on economic modelling using the best available evidence, second-eye surgery would be considered generally cost-effective under conventional willingness-to-pay thresholds of £20,000-£30,000 per QALY gained used in the UK NHS [6] published models, and their limitations were taken into account where possible. Our results are comparable with those from the Busbee et al. [3] study which reported an ICER of US $2,495 per QALY, but differ significantly from the other two cost-effectiveness studies [4, 5] . The reason for these differences is largely driven by the utility gain for second-eye surgery assumed in the studies, and the assumptions used for long-term utility for no-second-eye cataract surgery patients. The results in our study are sensitive to the HRQoL gain from second-eye surgery which varies widely between and even within the source studies. There are several generic preference-based HRQoL measures to value health utility, including time-trade off, EQ-5D, SF-6D, HUI3 and 15D, and different measures can generate different values for a given disease or condition [7] . The study providing the utility data used in our model [19] had a HRQoL gain of 0.08 associated with second-eye cataract surgery using the HUI3 HRQoL measure. Other studies, such as those by Dolders et al. [23] and Räsänen et al. [5] , showed a reduction in HRQoL associated with second-eye surgery, while Sach et al. showed a lower HRQoL gain of 0.02. In the base case, we considered that the study by Hiratsuka et al. [19] was the most appropriate estimate, as we considered the HUI3 provided the best estimate of HRQoL rather than EQ-5D as used by Sach et al. [4] , 15D used by Räsänen et al. [5] , or time-trade off, and standard gamble methods used by Dolders et al. [23] The EQ-5D does not include any sensory-related dimensions and may not be sensitive to improvements in vision following cataract surgery [4, 5, 24] . There was some uncertainty around the generalisability of the study by Hiratsuka et al. [19] , which did not report the starting visual acuity or the visual acuity gained by second-eye cataract patients. It was unclear whether patients treated for second-eye surgery differed from UK patients who would have a visual acuity threshold for surgery of 6/24. However, in sensitivity analyses, second-eye cataract surgery remained cost-effective even with lower utility gains. Indeed, if we were to disregard the study by Hiratsuka et al. [19] , and instead use utility values from the UK population by Sach et al. [4] , second-eye cataract surgery remained cost-effective with an ICER of £5,734 per QALY.
Despite the strengths of our analysis, the economic evaluation has some limitations. It was necessary to make some simplified assumptions regarding resources, costs, surgical complications, patient characteristics and outcomes. However, these assumptions were tested extensively through scenario analysis and sensitivity analysis. We would have liked to stratify our base case analyses by age or baseline visual acuity, as these factors may predict outcome of surgery. However, this was not possible due to limited availability of the data that would have been required for all of the model parameters. The evidence base is limited to a small number of older clinical trials, based on patients with relatively good baseline clinical measures.
Although the mean visual acuity gain would be higher after first-eye cataract surgery [25] , second-eye surgery appears to be cost-effective even in those with a relatively small deficiency of preoperative binocular visual acuity. Measuring visual acuity alone does not fully reflect patients' functional disability resulting from a cataract, as it refers to clearness of vision (e.g. the ability to read ordinary newsprint and recognise a friend on the other side of the street) rather than depth perception. After first-eye cataract surgery, patients may experience problems due to the different refractive powers between the eyes. A study by Mueleners et al. [26] of 28,396 individuals who underwent bilateral cataract surgery in Western Australia showed an increased risk of falls after first-eye cataract surgery, which was substantially reduced after second-eye cataract surgery. Commenting on that study, Harwood and Foss [27] suggested that the interval between first-and second-eye surgery should be reduced as much as possible. Our cost-effectiveness analysis focuses on the costs and benefits for patients attending hospital ophthalmology departments and does not include the wider benefits to the NHS and to society that would be made by the prevention of accidents and their sequelae that result from poor vision related to cataracts. In addition, as in the UK, social care and health budgets may be treated separately so that economic savings accrued from preventing accidents, and their sequelae are not fed back into the NHS healthcare budget. If this were the case, it would encourage health improving technologies such as second-eye cataract surgery.
In conclusion, our economic model shows that secondeye surgery would be considered cost-effective under conventional willingness-to-pay thresholds used in the NHS, tested under a range of scenarios and assumptions, using the best available evidence. The results specifically address clinical practice in England and Wales, but the results are likely to be generalisable within the UK and probably beyond. More detail studies that link combined changes in visual acuity and stereopsis to changes in utility values are needed to reduce the uncertainty of economic modelling.
Key points
• Elective cataract surgery is the most commonly performed surgical procedure in developed countries.
• It is unclear whether cataract surgery on the second eye provides enough incremental benefit to be considered costeffective.
• This study found that second eye is generally cost-effective, although there are only a small number of trials that report second-eye cataract surgery.
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